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WINGS TO HICGH ANGLES OF ATTACK -
MACE NUMBERS 2.46 AND 2.36

By George E. Kaattari

SUMMARY

In order to provide detalled wing-load-distrlibution data to high
angles of attack, semispan pressure~distribution models of triangular
and rectangular plan forms were tested initially at Mach numbers 1.45
and 1,97. The results of these tests were presented in NACA RM A54D19.
The present report presents the results of tests on the same models
conducted at Mach number 2.46 within the angle-of-attack range of 0°
to 50 and at Mach number 3.36 within the angle-of-attack range of o°
to 45°., The tests were made at Reynolds numbers of 0.26Xx10%® per inch
and O, hkxloe per inch for Mach number 2.46 and at Reynolds number of

0.85X10° per inch for Mach number 3.36.

Data were obtained on five models., The three basic models were
two triangular wings of aspect ratios 2 and 4 and one rectangular wing
of aspect ratio 2, all having thickened root sections, a structural
feature generally required for supersonic all-movable wings. To evelu-
ate the possible aerodynamic penalty of thickening the root sections,
two other aspect-ratio-2 models, identical to two of the basic models
but without thickened root sectlons, were tested.

The trisngular wings showed a tendency toward uniform loading for
angles of attack up to 10°, Thus, as the engle was increased, the
center of pressure moved toward the centroid of area. The pressure
distribution in the two-dimensional flow region of the rectangular wing
was in falr accord with the values given by shock-expansion theory up
to the angle of shock detachment, The presence of thickened root sections
on the wings had little effect on the centers of pressure and normal-
force coefficlents. Reynolds number effects were negligible in the angle-
of-attack range of 0° to 30°,
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INTRODUCTION

Since wings and controls for supersonic interceptor sircraft
maneuvering at high altitudes are required to operate over a wide range
of angles of attack, information is required.on wing-load distribution
at large as well as small angles of attack. Unfortunately, available
theory on the aerodynamic behavior of wing and wing-body configurations
at supersonic speeds 1s restricted to cases where the angle of attack
is small. Detailed pressure~distribution data on wing-body components
avallable in the literature (e.g., refs. -l to 3) are also generally
limited to small angles of attack. Little data are available for high
angles of attack at supersonic speeds, particularly for wing-body models
with variable-incidence wings. In an effort to provide the needed
information, a program has been initlated to measure pressure distribu-
tions through a wide range of angles of attack, both on wing-body combi-
nations and on the components (wing and body). It is hoped that the
date obtained wilill not only provide needed design information, but will
also point the way for development -0of theories applicable over a wide
range of angles of attack.

Five low-aspect-ratio wings of triangular and rectangular plan form
were chosen for the initial experimental investigation. Pressure distri-
butions on thesé wings through & wide range of angles of attack at Mach
numbers of 1.45 and 1.97 were presented in reference k. The present
report presents similar data for Mach numbers of 2.46 and 3.36. Speci-
fically, the data are presented in the form of: (1) tabulated pressure
coefficients, (2) span-load-distribution curves for each angle of attack,
(3) curves of normsl force as a function of angle of attack, and (4)
curves of .center-of-pressure position as a function of angle of attack.

NOTATION

A wing aspect ratio
Cy(xn - X)
Cm pitching-moment coefficient, —ﬁ—fﬁe————
c
Cy norwal-force coefficient, Jé
q

c local chord, in.
Cp local normal-force coefficient
Cr root chord, in. i

fscady
a mean serodynamic chord, ~Z in,

[oeay’
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L

cen span loading coefficient, in.
M free-stream Mach number

normal force, lb

P pressure coefficient, E_é_BQ

P orifice static pressure, 1b/sq in.

Po free-stream static pressure, 1lb/sq in.

Pw reference static pressure, lb/sq in.

a free-stream dynamic pressure, lb/sq in,

R Reynolds number, per in.

8 wing semispan, in.

S - wing area, in.2

1Y wing (Subscript denotes model.)

X chordwise distance from leading edge at spanwise distance y, in.
Xy distaence from leaeding edge to hinge line along root chord, in.
X distance from leading edge to wing center of pressure along

root chord, in.

v spanwise distance from root chord, in.

iy

distance from root chord to wing center of pressure, in.

o angle of attack, deg

APPARATUS
Wind Tunnels
The investigation at M = 2.46 was conducted in the Ames 1- by 3-

foot supersonic wind tumnel No. 1. This single-return, continuous
operation, variable-pressure wind tunnel has a Mach number range of 1.2
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to 2.5, The investigation at M = 3.36 was conducted in the Ames 1l- by
3-foot supersonic wind tunnel No. 2. This intermittent-operation, non-
return, variable-density wind tunnel has a Mach number range of 1.2 to
4,0. In both tunnels, the Mach number is changed by varying the contour
of flexible plates which comprise the top and bottom walls of the tunnels.

Models

The wodels and methods of mounting asre identical to those of ref-
erence 4. The five semispan models comnsisting of three triangular wings
and two rectanguler wings were constructed of hardened steel. A gketch .
identifying the models and a tebulation of their dimensions are presented
in figure 1. Two triangular wings (aspect ratios 2 and L4) and one rec-
tengular wing (aspect ratio 2) incorporated thickened root sections
falred to integral hinge shaft extensions, since such thickening is
generally required for supersonic all-movable wings to maintasin struc-
tural integrity between the comparatively thin wing and a large hinge
shaft. In order to assess the aerodynamic penalty of thickening the
root sections, two of these wings, one triangular and one rectangular,
both of aspect ratic' 2, were duplicated in plan form but had unthickened
root sections and were provided with integral mounting flanges at their
root chords. All wing sections in vertical streamwise planes were modi-
fied biconvex with maximum thickness ratios of 5 percent at midchord and
with 50-percent-blunt trailing edges. Tubing was soldered into milled
grooves on one surface of the wings and orifice holes were drilled from
the opposite surface to communicate with the tubes at locations listed
in table I in terms of spanwise and chordwise positions, y/s and x/c.

The wings were mounted on a boundsry-layer plate serving both as
a flow reflection plane and as a means of placing the wings in a regilon
free of the tunnel-wall boundary layer. The thickened-root wings were
supported by theilr hinge shafts which fitted through a bearing in the
boundary-leyer plate. A clearance gap of 0.005 to 0.009 inch was allowed
between -these models and the boundary-layer plate to permit free rotation.
The unthickened-root wings were mounted on a turntable in the boundary-
layer plate.

TESTS AND PROCEDURE

Range of Test Variables

All wodele were tested at Mach numbers of 2.46 and 3.36. Although
angles of attack up to 90° were investigated, data are presented for a
more limited range since it was felt that the results at the higher
angles may be inaccurate due to the effects of interaction between the
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plate boundary layer and the leading~edge shock wave of the wings and
to the tendency for the models to vibrate beyond 60° angle of attack.
The maximim angles of attack for which data are presented are therefore
limited to 30° to 50°, depending on the plan form, Mach number, Reynolds
number, and-model structural rigidity. The models were tested at

R = 0.44x108 per inch snd 0.26x10° per inch at Mach number 2.46. The
wodels were tested at only one Reynolds number'(0.85><lo6 per inch) at
Mach number 3.36.

Reduction of Data

i

The' local pressures were reduced to the pressure coefficient P
as shown by the following expression:

P - Do D-DPy Py~ Do
P == = g tT g

where the term (p - pw)/q is calculated directly from the test data
and (pw - po)/q is obtained from a calibration of the wind-tunnel air
stream. Calibration of the air stream indicated that the value of
(py - Po)/a &t M = 2,46 vas essentially O, but that at M = 3.36 it
was approximately 0O.0l.

Chordwise pressure distributions were integrated for each span
station by a tabular method to give local span loading coefficient
ccp end local center of pressure i/c. The absence of orifices at the
leading and trailing edges of the winge required extrapolations of the
presgure distribution to these points. Linear extrapoletions were used,
based, respectively, on the pressures measured at the first two and last
two orifices of each span statlion. The spanwise load distributions were
similerly integrated to give total load CN and center-of-pressure loca-
tion i/cr and §/s. The span loadings beyond the most outboard station
of the models were approximsted by assuming a parabolic load distribution
tangent to the slope pasaing through the losding of the last two out-
board stations and falling to zero at the tip.

Validity of Data

The validity of the data is affected by measuring asccurscy and to
an undetermined extent, at the highest angles of attack, by plate-
boundary-layer interference. The slight varlations from constant test
conditions and inaccuracies in setting the model angle of attack caused
a probeble error of less than +0.02 in the pressure coefficients at both
Mach numbers. The effect of the boundary-layer plate on the semispan
models was discussed in reference 4 wherein it was noted that the root-
chord pressure distribution of the unthickened-root rectangular wing




NACA RM A54J12

compared well with those predlcted by shock-expension theory at Mach
nunbers 1.45 and 1.97. Good agreement indicated that the boundary-layer
plate had little effect at the root chord below the angle of shock
detachment. The pressure distribution at the most inboard spanwise
station y/s = 0.025 was slso in good agreement with theory below the
angle of shock detachment for Mach numbers 2.46 and 3.36. The only
consistent indication of boundary-layer-plate effects was evident in the
case of the aspect-ratio-L triangular wing when tested st Mach number
2.46 for angles of attack asbove 25 A reduction of gbout eight percent
in the span loading at the root chord occurred when the Reynolde number
was reduced from O.44x10% per inch to 0.26x10® per inch. It is not clear
why the other plan forms do not show corresponding Reynolds number effects
at the root chord., The accuracy of the data for angles of attack above
40°, and those for wing 2 at angles above 25° at Reynolds number 0. 26x108
per inch, are subject to some uncertainty.

RESULTS

Tabulations of pressure coeffic1ents are presented for the models
at M = 2.4 for R = 0.4:x10° per inch and at M = 3.36 for R = 0.85x10°
per inch in tebles I(a) to I{j). The contributions to the loading and
to center of pressure for each spanwise station are presented in tables
I7(a) to II(j) for both upper and lower wing surfaces. Summarized in
tables II for each wing are also the normal-force coefficients, the
center~of-pressure locations, and moment coefficients about the wing
centroid of area. Figures 2 to 6 present plots of span loading coeffi-
cients, normsl-force coefficients, and the center-of-pressure positions
for each wing. Data taken at R = 0.26x10® per inch at M = 2.46 are
shown on these plots for comparison. Plotted on part (b) of figures
2 to 6 are also the values for the normal-force coefficients as predicted
by lineasr theory.

DISCUSSION

Angle-of-Attack Effects

It was noted in reference L that all five wings tested at Mach
numbers 1.45 and 1.97 tended towasrd s uniform loading with increasing
angle of attack. This was also found to be the case for the loadings
on the same wings at the higher Mach numbers of the _present test up
to the angle of attack of LO°. However, on all wings tested beyond 40°,
the pressures on the root chord decreased somewhat with a consequent
movement of the center-of-pressure position outward and toward the
trailing edge. This phenomenon is believed to be the result of inter-
ference between the bow shock and the plate boundary layer. The rec-
tanguler wing data are in fair accord with shock-expansion theory in
the two-dimensional flow region up to the angle of shock detachment

(fig. 7).
3. Uy edeR R e,

b
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Mach Number Effects

On the basis of the data of the present report and of reference I,
wherein dats on the same models were presented for M = 1.45 and 1.97,
the following Mach number effects were evident. As would be expected
the normasl-force curve slope at low angles decreased with increasing
Mach numbers for all wings. Comparison of the normel-force curves for
a given wing in all cases shows that at the lowest Mach nuwmber the
normal-force curve tends to be convex, resulting in lower normal-force
curve slopes at high angles of attack; whereas with increasing Mach
number, the normel-force curve tended to become concave, resulting in
higher slopes at high angles of attack.

No large effect of Mach number on the center-of-pressure position
was noted. For the triangulsr wing of aspect ratio 2, in the moderate
angle-of-attack range of 3° to 25°, the center-of-pressure position
moved slightly forward (0.03cy) with increasing Mach number while above
250 there was no consistent Mach number effect. In the case of the
rectangular wing and of the aspect-ratio-i triangular wing, the predomi-
nant effect of increasing Mach number was to decrease the spanwise vari-
ation with angle of attack of the center-of-pressure position.

Effects of Thlckened Root

In reference 4, it was noted that at M = 1.45 the span loading was
not affected by the thickened root for either wing. The center-of-
pressure position of the rectangular wing moved 0.0ley forward due to
the presence of the thickened root section while that of the triangular
wing was unaffected. At M = 1.97 the root-chord loadings of both wings
were reduced by the presence of the thickened root so that the total
normal force was reduced by 5 percent in the lower range of angles of-
attack (3° to 17.5°) and by less than 2 percent above 17.5°. The center-
of-pressure position of the rectangular wing was again moved 0.0lcyp
forward while that of the triangular wing was unaffected by the presence
of the thickened root section. .

The effect of thickening the root-chord section at the higher Mach
numbers of the present test can be seen by comparing figures 2 and 5 for
the aspect-ratio-2 triangular wings and figures 4 and 6 for the rectengu-
lar wings. At M = 2,46, the span loading of the rectanguler wing was
negligibly affected by the thickened root chord up to 30° angle of attack.
Above 30~ the unthickened-root wing had unexpectedly higher chord loading
at the tip, giving total normal forces 3 to U4 percent higher than those
of the thickened-root wing st both Reynolds numbers. Re-exawmination of
the corresponding date of ref. 4 for this wing at M = 1.97 revealed
smaller but similar effects. This anomalous behavior suggested the
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bossibility that the aeroelastic properties of the two wings differed to
a sufficient degree to give different aerodynsmic loadings at the tips.
The two wings were accordingly bench loaded with approximately the same
load distribution as under the tunnel test conditions. No important
difference between the tip deflections was noted. No adequate explana-
tion of the change in the pressures nesr the wing tip which accompanied
thickening the root chord has been found. For the triangular wing at

M = 2.46, the thickened root caused a loss of loading at the root chord
glving a 1.5 percent lower total normsl force over the angle-of-attack
range of 6° to 4L0°. At M = 3.36, the thickened root caused s lose in
root chord loading so that a 2.5-percent-normsl-force decrease occurred
for the triangular wing. The center-of-pressure position was not signifi-
cantly dltered for either plan form.

Effect of Reynolds Number

In the present test the Reynolds number was varied only in the tests
conducted at Mach number 2.46. No large or systematic effects of Reynolds
number occurred for all wings tested in the angle-of-attack range of 0°
to 25°. Above 25 angle of attack, significant variations in span load-
ing at the root chord occurred only for wing 2. These variations are
shown in figure 3(a) where the span loading differences ere compared by
the dashed line (R = 0.26x10® per inch) with the solid line (R = 0.4lLx108
per inch). This difference in span loading, however, was confined to the
root chord and was probably due to the effects of Reynolds number on the
plate boundary layer.

CONCLUSIONS

In reference L4, semispan pressure-~distribution models of two
triangular wings of aspect ratios 2 and % and one rectangular wing of
aspect ratio 2, all with thickened root sectionsg, and a triangular and
rectangular wing, both of aspect ratio 2 without thickened root sections,
were tesgted over a wide angle-of-attack range for M = 1.45 and M = 1.97.
In the present report, tests on the same wings were conducted at M = 2.46
at angles of attack from 0° to 50° and et M = 3.36 at angles of attack
from 0° to 45 Consideration of the results over the total Mach number
range of 1.45 to 3.36 leads to the following conclusions:

1. 1In the angle-of-sttack range of 0° to 40°, all the wings showed
a tendency toward uniform loading at high angles of attack. Thus, with
increasing esngle of attack, the center pressure moved toward the centroid
of ares, and span loading curves tended to assume the shape of the wing
plan form.
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2. Thickening the root section caused a somewhat lower root chord
loading on both the rectangular and triangular wings. The effect of
this loading loss an the total normal force was small except at M = 1.97
"where & 5-percent-normal-force loss occurred for all plan forms. Thick-
ening the root chord had negligible effect on the center-of-pressure posi-
tion of the triangular wing and caused a slight (0.0lcy) forward shift
of that of the rectangular wing at all Mach numbers.

3. The normal-force curve slope of all winges tested showed an
expected decrease wlth increasing Mach numbers at ‘the low angle-of-
attack range. At the lowest Mach number, the normal-force curve tended
to be convex, resulting in lower normal-force curve slopes at higher
angles; whereas with increasing Mach number, the normal-force curve
slope tended to become concave, resulting in higher slopes at high angles
of attack.

Ameg Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Oct. 12, 1954
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TABLE I.- PRESSURE COEFFICIENTS OF WINGS

(a) Wing 1; M=2.48; RuD, 44X10° per Inch

Upper surfaae l Lower surface
d“;o“h5°hoﬂs5°3o°zg°eo°15°m°6° kg o° 3° 6% 1100 1 19% | 2000 257 [ 30% | 350 | k0O | B30 | mo®
(]
0.103 | -0.206-0,203]-0.196{-0.191 | -0.179{=0.141{-0.0% |-0.066-0.033 | ~0.00k | 0.027 | 0.05k | 6.090{0.13M o.201 Jo.299 |0.M1g 0. 951 10,743 [0.933]0.978{1.051]0.818
231 | -.201f -.203) -.193f - -.150} «.127} -.108] -.078§ -~.0kk| -.003| .OL7{ .OAS{ .080| .12h{ .19% | .295) .hrk| .29| .657 | .759| .87} .87 T3S
= 199f - =197] =81 1% [ -.133] -.106] -. -.033| -.0aT7 {0 «032 | .0689] .108] .177| 48k | .h10] 9% .766 % 098] .68
.. =-203¢ ~.198 =.185] -.160| -.1h0| =.128| =, =-.082| ~. -.012 | .oig ?33 0891 1% | 2581 377} .530) 678 | 816 . .90é .96:
E =208} -.203] ~.200! -.288] -.16%5} ~.143} -.119] -.100{ -.07h -.oez =020} . . «OTT| 237} 229} .35L) 503! .6%5| 795 .697] .589]1.04
b | <198} -.299] ~.1971 -.190] -.17h | -.163) -.1k1] -.228f -.094] . =064 | =.0hk -.33 -008[ 038 .1%0| 2381 .369( %08} .679| 784 | Be%[1.076
Gie | =97 -.297f - 298| -.287) - =167 =161} -.125] -.05% -ggz =099 | =0kl | - .017| 0701 156 ‘:;{ .?5 5RT| 650 | L87911.0%8 [1.215%
976 | =.296] -.195( -. -.18h| - 179 ~.262] -.1k2| -.223) -, - =050 -.03h | —.q0T{ .029| 085! .1Th h19f 781 .TA9} .Se3(1.080)1.1T9
10k | -.03| -.206{ -.209| -.210( -.209{ -.203( -.1295[ -.18k| .13k -.067 | .012]| .06 | .uk| .170{ .2%0] .357( Ame| .601] 738} .28 1.0& 1.5 1,749
kig -.203| -.207| -.207| -.208| -.006] -.200| ~.185 -.lgg - -.0h0 | -.0031 .036| .o79 g 2| .31 A33) 578 Zg ot h. ey a9l 05
3 =203} ~.209( -.209} -.210} -.208} -.20L} -.185] . - =035 | -0 .019. | .oMB| . 167 270 391 221 . o 11:01% 1.39911.%88
00 | ~.206] -.207] «.206{ -.206| ~.200} -.20h | .18 -.125 -09k| -.039 | -.038] -, .25 .068] .1331 228 .3h2 | A7a} Saf Bson L.:}g 1.34%
605 | -.203{ -.205} -.203| -.205} -.207{ -. ~+290| -.1h1} -0k} -.073{ -.0b5 | -.0R0 L0511 1191 Q03| .31k (BA3} 519 1,002 |1.11! L&
T30 | -.203]) -4 =205 '33 =207 | =.202) =.190| -.1kg --103 =079 { =-.0R | -.029{ .o| .038} .095[ .181] .2 .390] .59} .76 .876{ .970[1.
873 1 . . 059 g 150] 231| .380| .%e7{ .68 .815{ .912| .04k
969 . . W% .23k ] L380f k1| LTak| . 5% .68
25| 3| J7ii os87) JTaN| JBAL] Lo r.aa3l1.m17
218] .37 .h461 .578| 709 .865[1.019]1.295]1.6%6
<167 275/ .388 gg 6991 .799| .975|1.300]1.61%
2137] 28| .33k . 619 .TT8{ .961(1.3%0]1.401
12k 222 .333| JMS2] .619] 765 .96h]1.325]|1.990
2| 208 .320] Jae7) . .Th3 ﬁ 1.3031.9%
2091| .185| 289 .M12} .sho( .683( . 1.235]1.430
«090| LAT5] . .385) .%06] .651] .gek]1.187|1.303
. 26k} 62| . ki 6861 (98] 9133.002(1.319
(173 238] .3b2| 53] 56k) L6985t .Ga7 33 1.079 1.zzh
. i9% B o 06 «201] .308| .A20] .5h9] 681 | .Gel| .993{1.c9e]1.kg7
<500 [ -.163] ~.293} -.191| -.192{ ~.03| -.20k} -.197| -.192| -.1T0}| -.12§ | ~.058 | -. OS] .102) .181] .286] ko7 E;e ST8 %2 S95111.00k]1.383
TR} =092 -9k ~.188( -.1A9] -.200 | ~.202] -.200| -.196] -.176] ~.137 | «.075 | -.0: .014] .063] .135] .ohk] .3627 .. 6h0] . 7)1.100 1,550
569 ) =A91) =191 ] -.287| -.185] -.196| ~.19R{ -.190| -.189} -.167| -.1h5 | -.009 [ -.055 | -.006} .038] .108] 201 .312| .a33] .9me| .676] .812[1.008]1.000
W500 | =.179| «.280) -.17k| -.178f -.184) -.285( -.186| -.182[ -.169( -. -.06T [ 0Lk | ,070[ .a3k| .212| .321] .h37] .5»3] .&68] .B11] .518(|1.0m]1.33
688 | -.186( -.187) -.183| =.181] -. 29k} -.197| -.19%| -.102| -.AT2 -.ng -08 | ~.018{ _oke| .101| .18 .293] . .937] 673} 805} .933|1.0%)] 1.363
(b} Wing 1; M=3.38; Rm=0,86x10° per inch s
Upper surface | Lower aurface
70 T | 5% | 395° [ 30° | e3° | 20° | 15° | 100 & 32 ] 0 ] 3% ] 6% | 10° (190 | 200 ] 250 | 30| 330 | oo | w30
4
0,629 | 0.103 0,181 [0.293{0. %25 J0.618{0.8951.138{1.208{1.260
231 57| <%} .395) 631 113|109 ,g
»3%9 2131} 2231 337§ .A56) 5851 . Soh]
h37 222] 2160 .327) 88| 3%} .76] 501 .
583 .110] .196( .313f k58| . «6h1] 622] LT73h
STh .093) .120( .222( .32 . 227 . 70
.872 . 130 23| 357 Jos] L6h3f 798| 9%
976 O72) 18] 2% .397| .568) .763] .361[1.163
250 .10k 216 ;g; k6] ooh] 731 (8685]1.060(1.09%
229 AT9) 5081 23;9 K «B862(1.019(1.166
354 Ak 23] o] . «639] .788| .9AL[1.009
300 -109| .158| .307] .eh7| .932| .TR6[L 1.757
&5 «096) .179( .26k} 22l 559] (TH3]1.198{1.995
<750 086 . .378) 508] .7h6|1.19%]1.32%
«£73 o7L] 24| @31 3T (k6T .Tki 1.006 11,173
965 B 228 213] 325 (327 .6TH] 963[1.099
<5001 123 «242| 3A8| 60| J5961 WT33| 868 .996[1.12k
250 . 2991 ME| 61] 11| B87 l.OLE 1.20%
373 -163| 2651 3| .A13) .6%0] .TR3| 9Tk 1T
500 1367 2] J346] .L87] Q8] .T8T| .9TT|2.13%
&9 . 208[ .317| 4501 .590) .TH9| .SR9{1.200
150 L101| «296] .297] k22| 566 EQ 90{ 1.060
875 09 . 275] (396 JR8] . «BhA 11,037
.995 L0076} 153 25| (372 .309{ .646( .803]1.003
50| 156 2791 .380) JA8h| .603| .T15] .830] .53 11.0%%
«a%0 245) . 611 55 A .B?g «980[1,108
375 208] .308] J21r] 556 .9k} .832] L9TBHL.1IT
500 .1811 .280 323 .935] 6718 823} .978|1.123
%0 .135] .228( . 79| G221 769 .9&1.010
969 10| 193] .299| JHe3| S50) (T03] 8RS} 973
8751 500 218] (22| 33| 569] .689| B15] .9K5[1.0%
.688 182 .28h] L39T] JR9] .658| L7953 942 1.
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NACA RM A54J12

TABLE I.- PRESSURE COEFFICIENTS OF WINGS ~ Continued

(e) Wing 2; M=3.48; Re0.44x40" par Inch

Uppar surface Lever surface
y/..l.g“w3.5°30°25°eo°u°10°6°3°0°3°6°10°15°eo°a°3o°35°bo°b§°
z/c
0.003 | 0.103(-0.200|-0.189-0.199-0.182{~0.1561-0.116 | -0.065( -0.027 [0.015]0.05% |0.096| 0. 143 10.196 |0.279 0.399| 0. 54k | 0.719 10.96T |1.202 1. 18 {1451
231] -.A5k] ~.179] -. -k6) -.230] -.205| -.073] -.036| .009| .039] .018| .119] .1T3{ -265| .381| 55| .7al| -909[1.087(1.180]1.32%
272} ~o196) =.179] -.17k| -.156]| -.180] -.116] -.086) -.051}~.006] .022] .061| .093| .IM] .238] .35 3605 .683| .8r0j1.0021.062] 951
487 -.297] -.180! -.176F .15 -.abk| -.12k| -.088| -.052|-.012| .013| .okr{ .o72| .118( .196| .313] .hE7| 61T} .190| .98M[r.092(1.0%
:E% - -.200{ -.20h{ -.199] ~.. =181 -.166¢ -. ~12ki-,109]-. -.0TL}-.083| .00k]| .O7T] . L2091 JA8L| J6R0] TR} 910
-202| -.191§ -.201) -.187] -.180] -.170| -.151| -.133)-.205{-.087[-.068|-.055|-.cof | .0ek| .108| .2317] .35T| -509) 126] .932{1.208
o7T5| -.190{ -.1TL] -.173] - 17S| -.16T7] -.157) -.1ko| -.31%[~.08@]-.063]-.0%1|-.036]0 068! 113l .310| A76] 56| Bk3[1.08T|1.18T
250 | .123) -.2Ck| -.196| -.207| -.199] -.186] -.185) -.130] ~-.089]-.029| .006| .O7hi .1kO[ .209] .16 g £10] TT0| «931]1.058 Jr.295[1.352
«260| -.206| -.198{ -.208| -.199| -.186( -.167] ~.136] -.100|-.083|-.008] .0%2| .200] .165| .295] . ek .676) .Bho(1.000(1.166]1.339
+375{ =-.207| -.200{ -.207} -.199| =-.167| -.167| =-.137| -.102|~.05h}-.016| .03k| .O78] .133| .218| .332] .4&9]| .6e3] .T19] -933|1. 1.325
300} =e210] -.203f -.205) -.201] -.185) ~.17R] -.1kk]| -.111{..063}-.031] .011| .0h8| .097| .17k} .2B6] .h0O| .Bh] .TO6 1 1.;2
e8| -.911] -.203] -.209] -.200] -.150] -.172} —.NT| -.115(~.067(-.0k2}-.00h| .ceT| .OTT| -1%1| .esk| .37T] .59| .663| .831| .9Bo[a.
0| 211 -.20k| -.209( ~.399] -.188| -.169| -.I0T} -.117}-.0Th|-.043[-.018] .012 329 8¢ .229) .3NT] k69| .610| 7R3 1.26%
573 -.208) -.201| ~-.210] -.200] -.1868| -.172| -.1%1) -.123)-.083]-.060! -'oﬁ -.coR} .0kl] .103] .193] .307| .409) .538] . 803 )1.218
W966| -.200| -.188| -.203| -.108| -.185| -.173| -.1%9} -.131]|-.0%k|-.0TT]-. - 018 | .o17| .153] .238{ .3%0] STT| 98] 1w {11260
500] J185) -.209) -.200) -.230] -.201] -.19% | -.170] -.133] -.093)-.038] .008) .066] .127] .207} .332 g 650} .812] .99811.086[1.21% |1.302
29| -.203] -.198| -.206] ~.19T} =-.189] ~.169) -.1ki} -.10k]-.050]|-.01%] .085| .10@| .182] .268) . Sthl o723( JB7h|1.000(1.173 [1.285
500/ -.208] -.200) -.207] -. -.188§ -.173} -.131] -.122}-.076]|-.0k2) .010} .056| .119 -3zh] A7) 613 J736) .91h[2.067 [1.202
.790| -.20k! -.198| -.206| -.197] -.188] -.167 -.50 «.137|-.09%{-.06k|-.01k] .022{ .OTR] .152] .263| .387 g €85 .838{ 98111k
.9%0| -.201| -.152} -.205| -.195] -.158 | -.166| -.2hT| -.133|-.109(~.081]-.0h0]-.012] .036| .112| .215| .3=27| . b0n| JT25| 838) 958
‘750 375} -.193] -.183} -.203| -.195{ -.187} -.175| ~.1k3| ~.110|-.062{-.02T} .030| .0T8{ .133| .28k .k33 & .728 .gg 1.017|1.181 [2.231
. -.196{ -.18k -.g =.29%| -.185| -.168 -.1? ~.130[-.086{-.051{-.002] .0ko| .110] .225] .3k2] . 630| . «93T[1.065 [1.156
K -.198{ -.188| -.. =~195] =185 ~.168] -.143) ~.195)-.098{-.081]-.0k1}-.008| .05k] .1ko| .2%2| .37B| .51%| 65| 79| .90L} .979

(d) Wing 3; M=3.38; Re0. 8510 per inch

Yprer swrince L Lower surface
s S e | 3R] e ) P ] ] | ] | © |10” {15° le® Jes® fa® |3
0.02%5|0.103{-0.101]-0.098]-0.099{ -0.093| -0,080{-0.06T {-0.008 | 0.001 | 0.033 | 0.068 | 0.102 | 0.151 | 0.231]0.3:|0.50%|0.679|0.850(1.282}1.408
231} ~.058] -.092) -.090| -.083] -.064] -.0m| -.ce1| .003| .030] .063] .0€8) .133 ) .o1s{ .331) .M8k| .683| .9h7|1.e81)1.%08
.372| -.099| -.093| -.053] -.087| -.07L| -.061| ~.co8|-.007| .02B| .oks| .or2| 13| .189] .30% .kée| .6a3| .8o7{ .om| .09
W8T} -.096| -.09k| -.095| -.091| -.076| -.063} -.028] -.010) .010| .033} .O%T| .089 | .155 -&? 05| 55k JThk| .863] .9%9
792| -.108] -.10h| -.207) -.106] -.203] -a@ -.g -.0811-.068]-. Qkk | -.0eT | .008] . ae7l @i .0l W7l L7209
872 -.102} -. -.105] -.a01| -.099| -.096] -. =073 | --0% [ -.0M3 | ~.035 | - .26 @3 .090] . 2304 .a561 13| .T93
875| -.0901 -.0%R| -.09%{ -. -.002| -.090| -.072} - ~.048 | - -.033 | -.00T | .030| .108| 285 .398| .605] .B3611.1%3
.2%0[ .125{ -.10M| -.09%| -.10k! -, -.g -.085| -.0b9 | -.022 | .010} .Oh9 | .090| .1KT | .2ho] .38} .ShE6| .TIS .ng(toﬁl.zss *
«.103| -.100| ~.10%§ -.103} -. ~086} -. -.&;3 - .036| .02} .1231 .213] .336) .48s] .63} .B1k] .SB211.176
373} -.103] -.099] - -.100] -.0958| -.090] -« -.0kl | -.015| .a3 % A0k | 289 J30af h3T| 8T .za 902 [1.110
500] -.106] -.103{ ~.10T| -.10k| -.098| -.052} -.068|-.0k8 | -.C@3| .0Q9| . L0811 .138| 293] .38 .ﬁ o 16 |1.0m
&) -. -.103[ -.107] -.105| -.098] -.095] -.072 | -.0% | -.029 | .02 )] .om| .of2 .ﬁg 233] .3%7 -67| 812 ..005
%] -.108] -.103] -.107| -.103} -.098] -.096| -.070| -.0%6}-.032 ) -.003 | .a15| .05k | . 206| 3250 M8 .so2| 738 .18
875! -.099] -.096] -.104| -.100§ -.097]| -. -.o72]-.058]-.03k| -.010| .009| .oh2} .099] .178] .290] .330 Eg?g 656 .6%
966| -.100| -.202| -.108| -.200] -.098] -.09%} -.07T | -.081 | -.0N5 ] -. -.005 | .23 | -062) .1MM| .2k3| (3% . £32| JT8%
500 125 -.106{ -.102} -.106| -.101| -.08T -.gg -.oh3|-.a3]| .cee| .o6e} .06 . 273| k3| .627) .T99| 989 |L.1k2 1. 312
250] -0 -. -.103] =-.108) -.091] -. -.0%|-.02T] .003) .0v2] .08]| .135 .fg 37T Ez .738/ 913 [t.om8i1.2%0
500 -.102 -.099] -.10k| -.101f -.098] -.05e | -.086 | -.ck6 | ~.o1 | .ono]| .om3| .08 { . yg Aa3) o9t L7631 Jsek|1.012
.m0} -.100| -.099{ -.203( -.101} -. -.091{ =076 | ~.0%9 | ~.039 | - .020 | .06 { .1k1} .2Lh] .375 gu .663] .Basir.007
9%0] -.099/ -.098| -. -.101| -.095| -.091] -.080 ] ~.069 | -.0k3 | -.02k | .000] .037 | .106| .196§ .313] .k3g] .583] .731] .903
50| .37%] -.099{ -.097} -.103 -.g -.094} ~.088] -.038| ~.03% | -,008 | .ce8| .061| .13 | .210( .3%6| .Sh3| .715| .862 [1.c06 n.199
5] -.0961 -.096] -.1C@] -. -.09h ] -, -.069 [ ~.0% | -.02T| .00M| .0335| .080 | .166| .29%| .h63| .63} .TBM| .9A3|L.11k
500| -.098] -.096) -. -.008] -.090{ ~.086| -.069 [ ~.063 | -.ofT | -.c@1 | .00 [ .oh0 | .np| .013| .335] .MeB| .Geh| .TTS| .95%

i




12 NACA RM AS4J12

TABLE I.- PRESSURE COEFFICIENTS OF WINGS - Continued

() Wing 8; M=2,48; R0, 44x4¢° per inch

Upper surface . Lower surface
vie | bP {350 | 30° {25 | a0 | 10 |10 | 60| ) ] ] 60|10 1% ) 20® [ 25° | 30°P | 35° | noo
0.025{0.0%4 1-0.1851-0.188-0.16k |-0.1k3|-0.10k | -0,063| 0.00k [0.070}0.122§0. 183 [0.245 J0. 320] 0. he6 D'E’E 0.77211.130 |1.383|1.25T{1.070
BLE 172 - 1Th] -a72) - 1591 -.118) -.086(-.033] .c22| .o72) .117] .276) .246| .3u6| .hok{ .676] .om |1.365(1.4& 1.%12
ekel -.192f -.1934 -.183{ -.172{ -.139| -.108]-.0%2| .0c@| .033| .097] .1%0( .221) .320/ .h3:2 .695] .90 11.299]1.551 {1.%¢
-617] -.208} -.208] -.201) -.200} -.188| -.17%|-.1h9|-.118|-,091(-.067|-.039 | .00k} .0%0| .163{ .318| .k76 .607{ .8%311,10)
805} -.210} -.210} -.204 | -.197| -.184| -.1T%}-.142}-.209 -.crrﬁ -.056(-.0261 .26 1051 .237| .kik| .%53) .712] .9k8[1.183
<953 | -.188) -.188} -.183| -.178] -.166{ -.153f-.122}-,078{-.0kh}|-.c26| .c16| .o13} .160| .299 4691 .636| LTk L99R[1.161
25| .03k} -.20R§ -.201) -.178{ -.170{ -.18} -.121|-.066-.010] .oke| .092| .1%3{ .230| .336 .El'{ .73a 1,094 [1.3911.976 [1.708
1ML 1974 -.197¢ -.083) ~.175] -.153| -.128)-.086]-.c26) .25 .0721 31| .207| .313] .K78| .69%| .gg0i.20T 1.392]1.5%9
22| -.199( -.299] -.189| -.181 -.160| -.136/-.002]-.0k2| .00k} .0u8] .10s] .176| .280] .u50| .673 1.06811.23301.38%
<367 -.200¢ -.202 | -.192 | -.18k| -.163| ~.1k2}..09T|-.0%0|-.013| .038{ .093{ .163] .2681 .426| .60%| .812 .968|1,111{1.276
.b921 -.203| -,203} -.190] -. =.166| -.14T{-.105]-.0%0 [-.015] .026] .0T9| .245| .238] .379 go 717} 8kl .973]1.1h2
617 ~.199) ~.199[ -.1891 -.181{ ~.169] -.152-.112 -.osﬁ -.026( .013| .061{ .124] .2)2( .3kk| .hg3{ .02 | .684] .B15] .983
8054 -, -.203| -.1891 -.183) -, -.159{-,124 }., ~.0511-.019( .cel| .o7Rf .1k1| .235| .3%L{ .k83| .600] .T 9%
953 ( =196 -.196| -.189| -.183} -.173| -.168|-.1k2|-.209{-.0B1{-.05L |-.ceh| .co2| 08| .130| .31k hss5| .588] .7hs| .91
563|084 [ -.200( -.200] ~.175( ~.265( -.138) -.10k|-.046] .016| .o7h{ .126] .194] .277 332 5731 .T9%|1.1kk J1.428(1.613]1.713
(Ahl) ..196| -.196] -.283| ~.173( -.1k8]| -.120]-.067]-.009| 043} .093] .1%6] .232| .3 .E;a .T29]1.003 1.206}2,388(1,%16
-2k2 ) -.1971 ~.1981 ~,188 -.179| -.158( -.133{-.088(-.035| .0k .060| .118] .188| .252 | .53 .660) .877 J1.054|1.220]1. 360
<367{ -.20h| -.203} -.196| -.187| -.169| -.1%0{-.107 [-.059|-.c16( .ce6| .o77] .245| .239| .391] .s76] .87 | .932|1.06T 1.209
Jbga | ~,199 | -.201| -.192{ ~.183] -.175| -.1%8(-.120|-.076]-.035| .00e| .ome| .111] .202 .3k E%lo .661 | .805] .ys6(1.093
-6171 -.200| -.201| -.290} -.179} -.267{ -.162|-.127|-.086}-.0k7|-.011| .033| .092] .177] .308| . 6021 .730] .860|1.002
805 -.197 [ ~.299| -.190( -.181} -.163| -.1%|-.133}-.095(-.058{-.02k{ .018] .on| .1%2 | .269] .hoo| .ma7| .616 15k .911
9%3 | -.192§ -.194] -.190| -.182( -. -.1%(-.137}-.103|-.070}-.039|-.000 } .0%0| .125( .228{ .34%] .B30} .%38| .6Be| .B1T
875 =196 1 -.196] -.179 | -.27¢ -.149| -,121-.068|-.012| .ok1| .091) .1%3| .231{ .3371 .e5| .74 1.c09[1.2%7]1.4k8 1.%63
11| -.198] -.198 ~.187 | -.176| -.15b( -.129|..069|-.co7{ .c2k| .o7a| .131| .207] .315) .k7B| .667] .81 1.035(1.21% 1.33:
Lo | -.196] -.196) -, -.1721 -.130| -.125]-.082|-.0%2| .005] .o%9| .201{ .16%) .254 | .397 m .7231 .876]1.047[1,
367 -.198] -.199} -.188] -.176] -.1%4| -.129]-.084 -.gzg -.015) .017| .05 .115 .197] .318] . . .T3g| .906]1.0uk
4921 -.195] -.195] -.183{ ~.16B{ -.1k1] -.125[-.085%]-. -.021] .003{ .036] .085! .1%6| .2%3] .378| .m3| .6%9( .8eo| .
617} --158[ -.198( -.185| -.171| -.146| -.118{-.078|-.051]-.05|-.008] .c1B| .061] .118] .213] .333] .ige| .608 %6 .
803 ] -.204 [ -.206| -.19k} -.180| -.1%9] -.129(-.086|-.0%8(~.035[-.ce)-.co5| .c27| .oR2 ] .172] . Las E;a 6831 .
93] =-297| -.199| -.19%| -.183 ¢ -.169} .14k (-.099}-.063 |-.0ub(-.035]-.ce1| .o11] .o%9 | .147| .270| .38B) .hok! .&elk| .73k

(1) Wing 3; M=3,38; R=0.850° per lnch

Upper surface Lover surface

v/e x/: 35°) 30°( 25° [ 20° | 10| a0° | 62| 32| o°f 30| 60 100 | 150 | 200 | 250 | 300 | 350
0.025 o.th ~0.082( ~0.0861-0.076/-0. 062 {~0.050|-0.002.|0.056[ 0. 10l f0. 161 |0.228}0.299 0. 512 0. 553 [0.707 |0. 907 | 1. 18 [1. 780
L4Lf -.083 -.087} -.078) ~.062| -.040} -.010] .028| .060| .099{ .1m| .217| .310 E;g .615F .786({1.012 | .227
2k2| -.086( -.090| -.083| -.069| -.030( -.c2k{ .0091 .037] .071| .202 .170| .260| .387{ .561| .776 J..g;.g L124
617| -.096] -.095] -.092| ~.082] -.087| -.07h|-.069]-.0%4[-.02g)|-.c00| .o1k] .083| .136] .2m1]| .373]. .83
-.098) -.099| -.097| -.090| -.090 -.gg -.066}-.034 |~.025]-.018] .o17| .076] .173) .318] .m17| .T2B g;.r

953{ -.090] -.092| -.089] ~.078 -.063 - ~.033]~.037 [-.035{-.010) .c23| .090| .210] .360] .530| .71 .
.290, o?h -.090| -.0%2| ~.087| ~.075| -.062| -.038|-.002 .028] .058] .116| .281) .280) .kes| .s95] .813]2.091 |1.kko
41| -.088| -.0g2 -.083( -.073| .08k ~.chll-.0n0| .027| .053| .099| .158[ .255] .396] .%87| .765|1.0% Jr.332
-e2f -.091( -.092| -.088| -.076 -.070| -.oM9|-.c2l| .c0L} .0k0| .081| .138] .227| .386| .516{ . 992 [1.22)
«367] -.093) -.093} -.090| -.080| -.076| -.0%6[-.031]~.010] .027| .06%| .120| .204| .339| .%o7| .Ti2| .G27|1.23%
Jh92| -.09%0 -.098] -.o0k] -.086] -.081] -.063]-.0k0]-.018| .006 go 02| .186] .322] .476] 656 .B1h[1.016
W617| -.095 -.98| ~.093[ -.086f ~.082] -.065[-.08k]-.02k] .0l0 Tl 099} .285| .310| .b%8} .&29{ .776| .886
8051 -.093 -.097| -.092| -.08%| -.083} -.067|- -.028] .005j .033] .079| .1h8[ .248| .383 hg’r Sk 778
.953f -.090| -.092] -.089] -.078| -.083 -068-053-037-01.1 010 209| .197] .2 k) 578} Th3
\563] .oml| -, ~.09Lf ~.087| -.075| -.060{ -.039| .ool .o34| .oTk{ .129| .193] .2o2| .MML{ .619] .8h6]1.288] .210
1K1} <.092] -.095] -.089[ -.0791 -.065] -.okl]-. .023 232) L1786 2ﬁ M6 . .81211.099| .ce7
22| -.092] -.095| -.089| -.080( -.070} -.048]..017] .010| .OMk| . .1k8| .2 384 E;l STTk{1.010]1,198
+367| =.0935 -.098} -.09%] -.087 --.gzg ~038]-.031) -.006| .ce3! .o71| .124] .213| .345{ . .696] .902[1.061
kog| -.096( -.098] ~.09%| -. - -.0631-.039| -.017] .013] .0%3| .205] . . &37]..639] .812| .972
WBLT| =.096] -.097| -.09%| -. -.085( -.067}..04%]-.025! .003| .038| .087] .162]| .27 8151 .589] .74s| .B96
. =092} -,095| -.090) -.081| -.081} -.067}-.053}-.036}-.003| .o20| . 138} .245 228 8711 .T99
993 ~.092] -.09%5| -.090] -.081} -.083| -.073|- -.036[-.012| .007f .0%1| .119] .218} .3kk| .h79| .m96| .Ti5
875 ozk -.087] -.091} -.084| -.074 -.ggg -02% OOE +035] .073f .128| .197{ .297} .kT| .626] .855{1.117] .0B9
W14 -,090| -.093} -.088] -.079} -. - -.00b4| .021} .067( .113 .175 272f Jb16 . §91.11
2421 -.090| -.093| ~.088] -.076] -.069| -.ou8{-.017| .009 .093 21| .370 Eil 672) .Bhsl1.chh
367| =.091 =.099{ -.094| -.087| -.076} -.0%5|-.032-.010 .057 .108 L181( .290] .hih 3 731} .508
4 -.09 ~.096| -.090f -.083} -.076] -.056 -.OEB -.003 E 031] .OTh| .1k2| .280f .3%1 ﬁk N 826
617} -.09 -.096| -.090] -. -.078| ~.05%9 3{ -.028)..005} .016] .0%2{ .11 .207| .314] .4ko ;ze 13
~.093| -.096| -.092| -.083[ -.07h} -.0%5|-.046} -.033{-.010]-.001} .033] .o050{ .172| .277| W21} . 105
#953| -.093) -.097| -.092| -.08%| -.0T8{ -.060|-.046[-.036]-.019]|-.020] .019] .075| .134{ .248] .367] .505| .639
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TABLE I,- PRESSURE COEFFICIENTS. OF WINGS - Concluded

(1) Wing'5; Me=3,48; Ra0.44x10° per Inch

ég

Upper surface
¥ie SlieP) P ] 3P| WP | x| 20| 1| 1P| @] | @[ 3P kP | hao
a
0.02%(0.65% [-0.131 ]-0.187 | -0.178 |-0. 170 0. 15 [-0.131 |~0.101{~0. 072 |-0.003 | 0. 0kE |¢.100 |0.16% |0.231 1.175 |1.O07Th
LB | -.198F - 187] ~.383) -.177] -.268) -.203] -.117] - -.0e3} 0161 .065] .11} .188 1.5 1.;&
242 1 La3h ) - 187] -.387) o176 -.169) -.1kG) -~.126) -. ~.036] .003f .0%e| .106 1.561 1.
2617 | =123 -.183] ~.179) ~.169| -.165] ~.251} ~.13k] -.201] ~.064|-.033} 005} .05 1.33311.36%
805 | -.136} -.197} -.192| -.180 -.152 =169} -.155] «.123{ ~.085}|-.055{-.018! .o@T 1.213 1.061
933 | .13k [ «.200} -.297} -.1T6} -, =165} -.a58] -.a27] -.091)-.062]-.02b} .07 1.113)2.132
250] 05k | ~.128] -.181| -.a7h| -.160] ~.1%2} -.137) -.213) -.088] -.009] .038) .092} .1%6 m 1.691 10
JLhLf -.1bSf -.191] -.183) -.17R) -.166] ~.1A5] -.120| -.075] -.022] .020{ .0T3| .133] .203| .318) .ho1] .71kl .980]1.18%{1.355{2.5%5 [1.688)
242 | ~.350] «a192{ -.187| ~.176} -.171{ -.150f -.131} -.068| -.039) .003] .051| .108] .17h| .28k} .431| .662 .BB2{1.0M9(1.210{1.h03 [1.67h
o367 | ~.183] -.196} ~.192] ~.279| -.178} -.1%9! ~.1k0} -.202| -.058)-.0Q3[ .02k] .o79| .143| .28 392 S73] TT8( .3291.083 |2.267 1.;2&
g2 | —aak3f -.195] -.191f -.277) -.277) -.26k; -.158] -a113) -.071)~.038] .005] .053] .11 .203] . i.u S50| .8 gz:l 2.168 1.
<617 [ =150} -.193) «.191} -.278( -.1753} -.163{ -.1%2] ~.120{ -.080{-.0%2|~.012] .032{ .089{ .178} .313} k12| .636) . «9%1 {1,111 }1.298
805 | -.1b3} ~a92) -.189) =178 ~aTh] -. -.153) ~.227} -.090}=.063}~.004} .027| .069) .153| .2Bh| .h37} .383]| .T7{ BST|1.031 1.132
2953 % ~.3h2¢ -.189 -.189| -.277) -.ATh} -.160) -.148] -.132] -, -.073|-.035{ .00k} 054} .137| .26e} .397| .531 650} .TEE} 949 1.1
5631 .0k | cam] -a192] -.185] ~a1TL| ~.257( -.134] -.203] -.053 Ooh| .05L{ .110| .17} .2bL| .37h| .55T7( .781]1.226 (1.396f1.577(1.66€ {1.T13
bl § .11 -a190] -.183] -.172| -.162] ~.1B0} -,137) -.067] -.0Lh| .0@8| .082| .1k1} .212| .32h| .506| .728(1.006(1.206 [1.36h |1.me3 1.
2k | <k | -.19k} -.189) =.177| ~.171) -.1%3} -.130{ ~.088] -. -.002( 0871 .103] 169/ 2771 LAh6| .GAT| .873(1.049 [1.220]1.373{L.b
367 | -.133 ~.297| -.193] =.181§ ~.179( -.1 -.143{ ~.103} -.063|-.0c28] .018{ .o70| .132| .230} .387( .5TR| .7h9| .920[2.075(1.236 L. 348
o492 § - abh ©.193| ~.188) =o175) =a176| ~.263] «.149| ~.115] -.073[-.OMk j-.008] .OkL| .099} .189| .33T zoe JSWT| B0R| 56511.132 l.ilg
LT | < 2hb} 191 -.288) -.175Y -.173] ~o2B1) -.13M| ~.123] -.086|-.086]-.007] .0e5] .0B1] .169| .303} .Lhe 583 S} .906]1.063 (1.
.805 | =.138] -.193] -.191] -.178] ~a77| -. =151} =186 ~.095]-.069{=.029] 011 .06L| .1kl e;z 386 Egz 6711 8201 .961[1.038
993 | =138 «.191] -.189| -.178| -.175{ ~.160| -.148} ~.130] -.101}-.077]-.Ob1|-.005} . 27 . W34k, S101 .T8L] 853 .916
873 .osk [ ~.133] -.189] -.180f -.1267] ~.162] -.1hi -.117] -.070] -.01kf .0e9| .086] .1k9] .221] .3%e| .mig| .7481.068]1.3068]1.533]1.798]1.098
3B 20135 -.186( -.)79) ~.16T] -.163| -.146f ~.124} -.080] -.0e8] .033| .065] .129] .292| .303| .h15| .699] .687|1.082[1.310{1.8%5{1.653
2h2 [ «,135] =186 -.179) «167] -.257( ~.241] <224 -.086] -.0h3|-.008] .039] .089] .1ko| .2ko| .302 3673 k2| 518]1.188]1.372 [1.468
3671 -.136¢ -. =179 =167} =155 =137 -.12k] -.090( -.036 -.gﬁo 005 .ok2 092 78] W3281 . 616 % 1.006 1.'%3 1.301
4921 -.139) -.188| -.176( -.267] -.1%) -.133] -.124]| -.095| -.06%)-.0ks|-.018| .c1f . .127] .ek8| .373| .53 . .900(1.088 [1.173
617 | «e136] ~.185] ~.AT9{ =.170( ~.156] -.133] -.218] ~.087{ -.063{~.0b5/-.021| .001| .037| .201] .200] .327| .MT7| .660{ .B%k]1.0€3 |1.201
805 | -.1bk| -.188] -.185| -.174| -.167] -.146] -,20k] ~.050( -.065|-.047[-.006{-.012] .0L7{ .O7R] .173] .29L] . «618{ .77e{ .5131 .960
29531 -.137| -.188] ~.182] -.17] -.171] ~.135] -.137| -.099] -.065|-.035|-.037{-.022| .00T| .057| .158] .o .ha%| .581] .71h{ .833| .63
(J) Wing 5; M=3.36; Re0.8540° per Inch
Upper swlace Lower surface
y/o x/c"' 3° | °f 257 20°] 15° | 10°]| 6° 3P 00 39| 6° | 10° |15° ] 20° | 250 | 39° | 3@
0.025]0.0541.0.1001-0.098] ~0.090{ ~0.079] -0.065]-0.033| -0.001 -0.031 |0. 068 |0.116]0.170 jo.257 lo. 372| 0. 8%0 0. 723 |o.o%T|1. 198
OE: -.102|"~.101| -.094| -.086} -.072 -.03:. -.026| .0312| .0k3| .08k| .132{ .209{ .38 E?: .6TL) .9k3|L, 372
2h2| woloa) <10k -.097] -.090] -.079] -.0m2] -.026| -.cor| .ce8] .088] .110{ .196] .328| .k97} .GoM| . 1.289
617] - lu3] -.10%] -.099] -.098| -.089] -.0T2| -.0%9) -.030(-.004{ .c28 :z 1501 257 k00| Lu8k | . 1.062
805f «.108} -.104} -.101] -.200{ ~.093} -.OTH| ~.053] -.035|-.009] .021{ . .133| .258] .386| .5%3| .783] .963
953| ~.099| --10b| ~.084| ~.097] ~.092] -.076] -.055) -.039(-.01%] .013] .051| .111] .219] .357] .338] .7%0] .903
«250] oeb =.102| -.103] -.097| -.087| -.0Th| -.OhL] -.009] .02k| 06T| .116{ .172| .270| .k1h| .60} .819[1.113 1.;31
-14lf -.102{ -.103) -.098{ -.090| -.076{ -.048| -.0B| .012| .om0| .096] .15%| .ok| .389| .56L{ .765(|1.0Mh 1.
2k2| «.207| -.208} -.101 -.093 -.083{ -.0%8] -.029] .cor| .035( .0B2l .131 .e17] .3%% ?.9 .713§ .95311.180
.367] ~.201] -.202} -.100 -.gg -.083] -.062| -.038] -.023] .020] .080] .106! .18%] .312| .hy3| .6%3] .86%(2.081
kg2t ..10sf -.203) -.101f -. ~.089{ -.070] ~.04T| -.025] .00%} .oh1] .085| .261( .283{ .u26] .%96| .807] .987
6171 -.107] ~.108] -.101 -.098f -.093| -.07T| -.057 -.gig -.008] .0e§) .o70| 139| .253) .38%] .553] (751 .90%
808) -.207f -.103] -,101] -.096| ~.090] -.080] -.061 -.o0h2{-.017] .01k gzg 5[ .223] 3541 J926[ .T201 881
.9%3| -.099] -.10L] -,09%} -.09%| -.087| -.080] -.061| -.086(-.0ck| .00k| . J1014 .207] .332| .m0 .6%5| .T97
5631 058 -.099] -.098] -.094| -. -.069 -.gﬁ J025( .073) (124 .18 .a81| .433] .619) .839|1.1k9{1.hg9
S8l -.103] -.l02] -.097] - -.ga - Q2o J061) J1a0f .166] .260) .WOB) . .802}1.08071, 32k
252] -.10k[ -.208f -.100( -.093) . -.0%k L005( 043 .0B8f 151 .228] .37hj .mki[ .7h3{ .982{1.180
«367] ~.106| -.103| -.200| =-.099{ -.08%5| -.061 -.010) .02h| .067| .125{ .198| .330| . .667) .881 1.320
.h92) -.203] -.202| -.200]| ~.097| -.087| -.068 -.022 g .0%6] .093} .16%( .28k .h30{ .Goh| .7BL| .983
2617| -.103] -.102f ~.100] -.096] -.091] -.072 -.g%l - .29 072! .1ho} .233] . E;i .Ti0f .877
.805( -.10%5| -.103] -.100] ~.096{ -.087! -.07T! -.081(-.017]| .011{ .0m2| .11%| .226] .35 . Ghb| BT
.953| =.100{ -.101} -.097] -.096] -. ~.072] -.040]-.023| .co1| .030[ .0Be| .178] .292] .um&] .618| .TT1
BT5 .ozh =u100§ «.098} -.09%| -.082f ~.069] ~.O .033] O72] .122] 18| .275) .W13] .61 .832]1.211(1.370
Jahy -ocee| -.101] -.097 -.% -.073] -. .08 gﬂ 206 181 e%2] .397] 572 .76% gfg Lim2
2| -.201] -.099| -.09% -. -.073{ -.0%0 005 . .087] .l39] .220| .333 ao:. .657f -Buo|1.028
g -02! ~.09%] -.098] -.089| -.o77] -.097 -.o1l| .| .oxp| .103} 73| .2B3] . Egs ST33F 500
. =20k =201 «.09H -. «.08k| ~.063] -.025]-.008| .026] .06k .124| .223] .3 hB3| .6 W
-617| ~.102] ~.102] -.099] ~.09M -.08%]| -.065) -.029(-.013] .coB) .0hk| .095| .193| .306] .439] .585| .Thh
«808] ~.104} -.10 -.099| ~.09% -.082] -.061 -.033-.019]-.009f .Ce8] .076] .162} .273] .390] .B32| .69
.933] -.102f -.100 -.099] -.096{ -.08% -.0&H -.038}-.022|~.009] .018! .06W| .13} .2%2} .372} . .663
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TABLE IT.- SPAN LOAD DISTRIBUTION, NCRMAL FORCE, AND CENTER OF PRESSURE OF WING §
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TABLE IT.- SPAN LOAD DISTRIBUTION, NORMAL ¥ORCE, AND CENTER OF PRESSURE Of WING - Continued

{s) Wing 3; Mg, 40; Re0. 440" pa Soan

ca, Sec¥on porml-force coefflafent ;I:,mmdml-n Wotire ving
Tppar mrfscs Lowsr murfase Bobh wrfases

,’I'e-m:o.mn.seao.&r\nﬂﬂqo«nﬁ:oWAMﬂgomassoJr: L A e
3° |0.08% |0 0k0 [0, ket | 00T | 0. b3 | 0.Chs r—ng‘mn*nmﬁnnﬁ, b.079|0.00%| 0.k 30| 0450
&% | Pl oE] J0B3] -0se{ 100 Sk 005 ST WA . It L TG R 63
mﬁﬁ%%ﬁ prd e e R el e 30| | ad| ek
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TABLE II.- SPAN LOAD DISTRIBUTION, NOBRMAL FORCE, AND CENTER OF FREJSURE OF WING - Concluded,

(i) Wing 6; M=2, 48; Rn0.44x107 per inch

STLHEY WY VOVN

-

ap, seotion normel-force coefficisnt x/c, seption centar of pressure ¥ntire wing
Uppar mmTace Lower surface Both surimces Upper surface Lovwer surfage Both surfaces
Cx | om |x/ex | /n
> 778 .08 [0.050 Jo.563)0. B k0. s [o. 20 [0. 5630875 0.5 0. 20 0563|0075 . 029 08500363 0. 678 0. 025 |0 2501 0.563] 0. 875 0. 085 |0. 230 0. 563 0 .B73 ¥
2 lo.obklo cenln.diklo.mila. osoln.cholo.chBlo.okalo. ook o ook lo.000 lo.a1é 1. ke0l0. baa 0. k5k 10, 386 |0 kek 0. baolo. kel o kéTl 0 k62 0. ka7 0. k3710, k30 In. 0k lo. 00 | 0. ka0, em1.
6° | .o19| 078 m . 109] .109| .107| .079| .188] . B8 37| ] . LB ﬂ - :gg Jngl .383| 63| A7) ksh) 385|168 .009| LWh4| W03
10° | .aza] aee] . .093| .208] . 20e| .1%6] .328] . .320) .2ho| .hER K 0L} BT} . Jm3l kool ST Gn8) LbS0| Leoo| 298] .06 JLRE| LWAS
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Pigure l.~ Wing dimensions and identity.
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Figure 2.- Aerodynsmic characteristics of wing 1.
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Figure 2.- Concluded.
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Figure 3.~ Aerodynamic characteristics of wing 2.
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Figure 4.~ Aerodynsmic characteristics of wing 3.
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Figure 4.- Concluded.
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Figure 5.- Aerodynamic -characteristics of wing k4.
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Figure 6.- Aerodynamic characteristics of wing 5.
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